Abstract：We demonstrate a slot waveguide provides a broad-band, loss-free platform suitable for applications in quantum optics. The strong coupling between light quanta and quantum emitter can be achieved with Purcell factor larger than 200. Cavity based system for quantum electrodynamics (cQED) benefits from small photon loss rate due to the high quality factor (Q) of the cavity. At the same time, such systems suffer from the small bandwidth of the resonance and require tuning mechanism to match the cavity and emitter resonances. Photonic crystal waveguides can provide wider bandwidths but an intrinsic trade-off between the coupling strength and bandwidth exists, since the former depends on a large local density of states (LDOS) provided by guided modes with small group velocity. The metallic nanowire approach takes advantage of the subwavelength localization of surface plasmons and is broadband in nature, but it suffers from large propagation losses. We propose a cavity-free, loss-free and broadband slot waveguide-based QED(wQED) system on chip (Fig 1) , in which the single emitter is strongly coupled to the waveguide mode. We emphasize that a large bandwidth of strong coupling is beneficial for spectroscopy applications, multicolor information processing, etc. In our system all the information of the atomic states is coherently extracted into the waveguide mode with high fidelity. At the same time, coherent oscillations between photonic state and atomic state do not exist due to the lack of the optical resonance. The proposed wQED takes advantage of ultra-small mode size provided by a slot-waveguide [1, 2] . We demonstrate that this system is a promising platform for quantum information processing, and can be used to realize an efficient single photon source and optically addressable single photon register [3] . In this work, we focus on two quantities to characterize the coupling between the waveguide and quantum emitters placed in the slot, namely i) the emission enhancement parameter a=gwg /g0 as the ratio between the emission rate into waveguide mode (both directions combined) and the intrinsic spontaneous emission rate in free space, and ii)the waveguide coupling efficiency b= gwg /gtotal, as the ratio between the emission rate into the waveguide mode (both directions combined) and total emission rate into all radiative channels. We note that figure of merit b/(1-b) corresponds to cooperativity often used in cQED and it discriminates the strong coupling from weak coupling regime. The total enhancement of emission (Purcell factor) can be found as a/b.
provide wider bandwidths but an intrinsic trade-off between the coupling strength and bandwidth exists, since the former depends on a large local density of states (LDOS) provided by guided modes with small group velocity. The metallic nanowire approach takes advantage of the subwavelength localization of surface plasmons and is broadband in nature, but it suffers from large propagation losses. We propose a cavity-free, loss-free and broadband slot waveguide-based QED(wQED) system on chip (Fig 1) , in which the single emitter is strongly coupled to the waveguide mode. We emphasize that a large bandwidth of strong coupling is beneficial for spectroscopy applications, multicolor information processing, etc. In our system all the information of the atomic states is coherently extracted into the waveguide mode with high fidelity. At the same time, coherent oscillations between photonic state and atomic state do not exist due to the lack of the optical resonance. The proposed wQED takes advantage of ultra-small mode size provided by a slot-waveguide [1, 2] . We demonstrate that this system is a promising platform for quantum information processing, and can be used to realize an efficient single photon source and optically addressable single photon register [3] . In this work, we focus on two quantities to characterize the coupling between the waveguide and quantum emitters placed in the slot, namely i) the emission enhancement parameter a=gwg /g0 as the ratio between the emission rate into waveguide mode (both directions combined) and the intrinsic spontaneous emission rate in free space, and ii)the waveguide coupling efficiency b= gwg /gtotal, as the ratio between the emission rate into the waveguide mode (both directions combined) and total emission rate into all radiative channels. We note that The enhancement emission rate provided by the slot waveguide, compared to the free space, scales as e 2 nvg, In comparison, the solid-core waveguide provides an enhancement of nvg(group velocity index) and homogenous bulk medium enhances by nbulk(bulk index) over the free space emission rate. Fig.2 shows quantitatively a and b factors of the slot waveguide for different gap widths (Fig 2(a) ), different wavelengths (Fig 2(b) ) and different polarizations (Fig2(c&d) ). A spontaneous emission enhancement of a=100 and a high collection efficiency of 94% (correspond to cooperativity 16) is achieved at a moderate slot width of 20nm. Fig 2. A schematic of optically addressable photon register that allows storage (retrieval) of a photon into (out of) a specific quantum emitter. Before and after the storage (retrieval), the emitter is decoupled from the waveguide.
Finally we propose an implementation of an optically addressable photon register, shown in Fig.2 . Single emitters, used to store photons, are placed along the waveguide so that each can be addressed individually using external control pulses. We assume that each emitter has a triplet ground state. The register is first initialized by setting all emitters into the Z-state, so that they are decoupled from the waveguide, and do not interact with light propagating down the waveguide. Next, one of the emitters is prepared by external control into X-state without changing the states of the other units. Now, a single photon propagating in the waveguide can be absorbed by the emitter, thus setting the emitter into the state Y. This can be achieved by applying a time-dependent classical control pulse on transition between e and Y-state. The storage and retrieval efficiency would theoretically limited by the b factor, which is 94% for a 20nm air slot.
